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Abstract
Background  Germline risk variants for oral squamous cell carcinoma (OSCC) in never-smoking non-drinking (NSND) 
young adults (YA) are poorly characterized and genome-wide association studies focusing on NSND YA OSCC are 
lacking. This study aims to evaluate if rare germline variants are associated with NSND YA OSCC.

Methods  We conducted a retrospective, single-center Canadian cohort study of patients who underwent primary 
surgery for OSCC between 2010 and 2024. Genome-wide association analyses were performed for three comparisons: 
1- NSND YA (n = 10) vs. other OSCC (n = 150), 2- all-ages NSND (n = 29) vs. ever-smoker and/or drinker (n = 131), and 
3- any risk factor YA OSCC (n = 22) vs. age ≥ 45 (n = 138). A polygenic risk score for age at OSCC diagnosis was derived 
from clumping + thresholding.

Results  We included 160 patients of European ancestry with a diagnosis of OSCC: 22 YA and 29 NSND patients; 10 
patients were both YA and NSND. YA cases predominantly involved the oral tongue. One rare variant, rs191595756, 
showed a suggestive association with NSND YA OSCC (p = 3.3e-06), but did not reach genome-wide significance. This 
variant is located in an intron of LINC00944 and in an exon of LINC02824. No rare variant signals were supported in 
the all-ages NSND and any risk factor YA OSCC. None of the identified variants is reported in ClinVar. An exploratory 
polygenic risk score composed of 13 index variants was constructed. It is independent of NSND or ever-smoker and/
or drinker status. It is also independent of oral tongue or other oral cavity primary cancer site.

Conclusions  This is the first study investigating genome-wide associations in NSND YA OSCC. No single germline 
variant of genome-wide significance associated with NSND YA OSCC occurrence was found, suggesting a polygenic 
architecture. Larger, multicentric studies are needed to validate a polygenic risk score specifically predictive of NSND 
YA OSCC risk.
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​​Background
An increase in the incidence of oral squamous cell car-
cinoma (OSCC) in young adults (YA), with a predomi-
nance of oral tongue cancers, has been reported since the 
1980s and has since been confirmed in multiple reports 
worldwide over recent decades [1–9]. The age threshold 
defining YA OSCC varies across studies and is most com-
monly set at 40 or 45 years [10]. While tobacco and alco-
hol use are frequent in older patients with OSCC, their 
prevalence and contribution are lower in YA OSCC [10]. 
This has led to the recognition of a YA never-smoking 
non-drinking (NSND) OSCC subtype, although underly-
ing causal mechanisms remain elusive.

As young patients are involved, the role of viruses has 
been extensively studied. Oncogenic viruses are common 
etiologic factors in several head and neck cancer subsites, 
but previous sequencing-based efforts to identify viral 
drivers in YA OSCC tumors have not been unsuccessful 
[11]. Human papillomavirus (HPV) can sometimes be 
detected in YA OSCC, but appears unlikely to have an 
important etiologic role [12–14]. Studies on oral tongue 
and OSCC looking at HPV directly, and not p16(INK4a) 
as a surrogate, indicate that its incidence is rare in this 
disease. A cohort of 32 patients, with 6 cases under 30 
years old, showed a frequency of 0/32 of high-risk HPV 
[15]. Another study looked at 78 oral tongue cancer 
patients detected HPV in only one case, but in none of 
the 11 patients under 40 years old [16]. In a cohort of 
95 NSND OSCC patients, Epstein-Barr virus (EBV) and 
Merkel cell polyomavirus (MCV) were also evaluated 
with EBV only detected in a single case, and with no 
cases of MCV [17].

A family history of cancer in young relatives has been 
associated with both YA OSCC and head and neck can-
cer more generally [10, 18], suggesting that genomic sus-
ceptibility could play a role in YA OSCC. From a genetic 
standpoint, tumor exome analyses of non-smoking 
OSCC and YA non-smoking OSCC have been published 
[19, 20], but very little is known about potential germline 
at-risk variants in those patients. Previous genome-wide 
association studies have identified OSCC susceptibility 
loci located on multiple chromosomes [21–24]. However, 
these analyses largely reflect tobacco- and alcohol-related 
carcinogenesis and reports testing for age-associated 
at-risk variants are missing. To date, no polygenic risk 
score (PRS) predicting age at OSCC diagnosis has been 
reported.

Evaluating germline at-risk variants associated with YA 
OSCC – particularly in NSND individuals – remains an 
important gap in current knowledge. The main objec-
tive of this exploratory study is to evaluate, using whole 
genome sequencing (WGS), whether rare germline vari-
ants are associated with NSND YA OSCC. A secondary 
objective of this study was to construct a PRS predicting 

age at OSCC diagnosis, to evaluate whether genetic sus-
ceptibility patterns differ between NSND and to YA 
OSCC and ever-smoker and/or drinker (ESD) OSCC. 
While tumor genomics have been partially explored, 
germline susceptibility in NSND YA OSCC remains 
almost completely uncharacterized, justifying an explor-
atory genome-wide association study on a small study 
cohort.

Methods
Study design and participants
A total of 160 OSCC patients of European ancestry were 
included in the first four years of the Marathon of Hope 
Cancer Centres Network (MOHCCN), a pan-cancer 
initiative aiming to promote access to WGS and build a 
clinico-genomic database encompassing 15,000 Cana-
dians with a diagnosis of cancer [25]. The OSCC cohort 
included patients 18 years or older who underwent sur-
gery at the Centre Hospitalier de l’Université de Mon-
tréal (CHUM) between 2010 and 2024, and provided 
written consent to participate in the institutional head 
and neck cancer biobank at the CHUM Research Center 
(CRCHUM). This study and the biobank were approved 
by CRCHUM’s institutional research ethics board 
(#21.137 and #09.254).

Demographics and clinical parameters
Demographics and clinical parameters were obtained 
from clinical records, including sex, age at diagnosis, 
tobacco use, alcohol use, primary tumor site (oral tongue, 
floor of mouth, mandibular alveolus, retromolar trigone, 
buccal mucosa, mucosal lip, hard palate, maxillary alveo-
lus), self-identified genetic ancestry group, and patho-
logic stage. For tobacco use, patients were categorized 
as smokers if they were current or former smokers at the 
time of surgery, with the exception of participants with 
less than 1 pack-year history. For alcohol use, patients 
with International Classification of Diseases, Tenth 
Revision (ICD-10) Z72.1 (alcohol use) or F10.2 (alcohol 
dependence) were classified as “drinkers”. Patients under 
45 years of age at OSCC diagnosis were classified as YA. 
Pathologic stage was recorded according to the 8th edi-
tion of the American Joint Committee on Cancer (AJCC). 
Patients from non-European ancestry were excluded 
to prevent introduction of false positives due to linkage 
disequilibrium. The majority of included patients were 
French Canadians.

Germline DNA extraction and sequencing
Peripheral blood samples were obtained at the time of 
surgery, and peripheral blood mononuclear cells were 
separated using Ficoll and stored for future analyses. 
Germline DNA was extracted from peripheral blood 
mononuclear cells using the PureLink Genomic DNA 
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Mini Kit (Thermo Fisher Scientific). For one participant, 
germline DNA was extracted from a negative control 
lymph node using the AllPrep DNA/RNA FFPE Kit (Qia-
gen). Nucleic acid quality was assessed using the 4150 
TapeStation System (Agilent) prior to library prepara-
tion. WGS was performed on germline DNA, following 
Genome Analysis Toolkit’s (GATK) Best Practices and 
procedures, with a target of 30X deduplicated coverage 
per sample, using an Illumina NovaSeq 6000 instrument.

Genotyping
Quality-trimmed and adapter-clipped reads were aligned 
to the GCA_000001405.15 GRCh38_no_alt_analy-
sis_set.fna human genome assembly using BWA-MEM 
[26]. Germline variant calls were generated combining 
Strelka2, VarScan 2, and VarDict calls in one Variant 
Call Format (VCF) file per participant [27–29]. Single 
sample VCF files were merged, indexed and filtered to 
exclude variants with read depth below 25 or genotype 
quality below 20 using bcftools [30]. The resulting VCF 
file was converted to a BED/BIM/FAM fileset, includ-
ing only variants from chromosome 1 to 22 and filtering 
out multiallelic variants using PLINK version 2.0 [31]. 
Variants on the X and Y chromosomes were removed as 
a best practice to prevent confounding by sex. Variants 
with complete cohort minor allele frequency (MAF) < 
0.009 (fewer than 3 occurrences in the full cohort) were 
also excluded, as they have low statistical power and high 
false positive rate.

Genome-wide association analysis of NSND YA, all-ages 
NSND and any risk factor YA OSCC
Association analyses were conducted separately for 
the NSND YA group, the all-ages NSND group and the 
YA any risk factor group, using other participants of 
the cohort as controls and applying Fisher’s exact test 
in PLINK version 1.9 [32]. Index variants were identi-
fied using PLINK’s --clump command with --clump-r2 
0.1 and --clump-kb 250. Participant genotypes for vari-
ants with p < 1.0e-05 were extracted using PLINK and 
confirmed, as a quality control step, on the BAM files 
using IGV version 2.16.2 [33]. Manhattan plots were 
constructed using the qqman package in R. The All of 
Us data browser was used on October 21, 2025, to iden-
tify the European and the highest reported MAF from 
every genetic ancestry group of the All of Us cohort [34]. 
Rare variants were defined as having a highest reported 
MAF, from every genetic ancestry group of the All of Us 
cohort, under 0.01. The sample size (n = 10) is very small 
for the genome-wide association analysis of the NSND 
YA OSCC group, and the analysis is exploratory for this 
rare disease group, with a suggestive significance thresh-
old of p < 1.0e-05.

Genome-wide association analysis and PRS for age at OSCC 
diagnosis
Association analyses with numerical age at diagnosis (in 
years, rounded to two decimals) was done on the full 
cohort using Wald test in PLINK version 1.9. Index vari-
ants identification, and BAM validation were realized, as 
described for association analysis. PRS was calculated by 
clumping + thresholding (C + T) using PLINK’s --score 
command with the β-value of the regression. PLINK’s 
--q-score-range command testing addition of variants 
with p < 1.0e-05, one by one, starting with the lowest 
p-value, allowed identification of the threshold maxi-
mizing R2 [35]. PRS was transformed as “log -(PRS-1)” 
to test whether the slopes and intercepts of the regres-
sion between OSCC subgroups were significantly differ-
ent, using Prism version 10.2.3. For the overall survival 
analysis, a multivariate Cox proportional hazards analysis 
was used to evaluate hazard ratios using JMP. Compari-
son of PRS distributions for TNM status was evaluated 
using Welch’s ANOVA test. Since a validation cohort was 
unavailable, PRS validation was done using permutation 
analysis, randomly permuting phenotypes 10,000 times, 
with the empirical p-value calculated using R.

Results
Study cohort
A total of 160 patients with a diagnosis of OSCC were 
included at CHUM and included in the MOHCCN 
Canadian pan-cancer cohort, with clinical character-
istics detailed in Table S1. All (n = 160; 100%) were of 
self-identified European ancestry and 22 (14%) were YA 
(Table 1). Among those YA patients, 19 (86%) were male, 
10 (45%) were NSND, and 18 (82%) had an oral tongue 
primary cancer. For the 138 patients aged ≥ 45 years, 92 
(67%) were male, 19 (14%) were NSND, and 61 (44%) had 
an oral tongue primary cancer. Cancer stage distribution 
was slightly more aggressive in the ≥ 45 years old group.

Genome-wide association analysis of YA and/or NSND 
OSCC
The first objective of this study was to evaluate whether 
rare germline variants are associated with the occur-
rence of NSND YA OSCC. A genome-wide association 
analysis comparing NSND YA OSCC patients (n = 10) 
to other OSCC cases (n = 150), all-ages NSND OSCC 
patients (n = 29) to ESD OSCC cases (n = 131) and YA 
OSCC patients (n = 22) to other OSCC cases (n = 138) 
was performed. These analyses revealed no genome-wide 
significant hits, and only one rare variant with suggestive 
significance in the NSND YA analysis.

A total of 655 730 (NSND YA), 646 052 (NSND) and 
648,351 (YA) index variants were identified after clump-
ing. Manhattan plots for each differential analysis are 
shown in Fig. 1, with a red line showing the genome-wide 
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the NSND YA OSCC group is 6 homozygous reference 
alleles patients, 3 heterozygous patients and 1 homo-
zygous alternate allele patients (MAF = 0.25), while for 
other OSCC cases it is 149 homozygous reference alleles 
patients, 1 heterozygous patients and no homozygous 
alternate allele patients (MAF = 0.0033). The control 
group distribution is consistent with the European MAF 
of 0.0035 reported in the All of Us cohort. For rs16946701 
and rs113104790, the MAF in the other OSCC group was 
much lower than the reported European MAF in the All 
of Us cohort, by factors of 4.5 and 4.2 respectively, sug-
gesting that those variants are false positives. Genomic 
deflation observed in the Q-Q plot is expected with the 
small sample size (Figure S1A). None of the identified 
variants is reported in ClinVar.

Variants with p < 1.0e-05 for all-ages NSND 
OSCC (Table S3) are rs10495194 (chr1:222560629-
C-T, TAF1A intron), rs4419048 (chr16:88559144-
C-T, ENSG00000289151 intron), rs60356568 
(chr2:232236404-G-A, DIS3L2 intron), rs11772757 
(chr7:132378734-T-G, PLXNA4 intron), 
rs77235807 (chr3:29659276-G-C, RBMS3 intron 
and ENSG00000283563 intron), and rs12450836 
(chr17:65196941-G-A, RGS9 intron). The absence of tail 
in the Q-Q plot suggests that there are no strong genetic 
association with NSND OSCC in the study cohort (Fig-
ure S1B). These 6 variants are not rare variants and their 
MAF in the ESD group were consistent with the Euro-
pean MAF reported in the All of Us cohort. None of the 
identified variants is reported in ClinVar.

Variants with p < 1.0e-05 for YA OSCC (Table S4) are 
rs113765368 (chr9:122461042-A-G, ENSG00000234156 
intron), rs17142701 (chr6:6936428-A-G, inter-
genic region, nearest gene: RN7SL554P), rs16946701 
(chr15:63255812-G-A, RAB8B intron), rs56353403 
(chr11:12079909-TG-T, ENSG00000305657 exon), and 
rs79853253 (chr21:15290364-G-A, ENSG00000288578 
intron and ENSG00000300143 (intron). These 5 variants 
are not rare variants. For rs113765368, rs17142701 and 
rs113104790, the ≥ 45 years old OSCC group MAF was 
much lower than the reported European MAF in the All 
of Us cohort, by factors of 5.1, 6.1 and 8.3 respectively, 
suggesting that those variants are false positives. The 
absence of tail in the Q-Q plot suggests that there are no 
strong genetic association with YA OSCC in the study 
cohort (Figure S1C). None of the identified variants is 
reported in ClinVar.

PRS for age at OSCC diagnosis
To eliminate the bias of the 45-years-old threshold of the 
YA group, we chose to perform a genome-wide associa-
tion analysis with numerical age at diagnosis. We then 
compared the correlation between PRS and age at diag-
nosis for the NSND and the ESD subgroups, finding no 

significance threshold (5 × 10− 8) and a blue line show-
ing the suggestive significance threshold (1 × 10− 5). This 
suggestive significance threshold was used to identify 
potential rare germline at-risk variants which could be 
confirmed in larger validation cohorts. Genomic inflation 
was also evaluated using Q-Q plots for each analysis (Fig-
ure S1).

The next step was to assess whether the identi-
fied variants were rare variants. To do so, we validated 
the highest reported MAF from every genetic ances-
try group of the All of Us cohort, using a threshold of 
MAF < 0.01 (Table  2). Identified variants with p < 1.0e-
05 for NSND YA OSCC (Table S2) are rs149462127 
(chr5:166940729-C-T, intergenic region, nearest gene: 
ENSG00000298538), rs16946701 (chr15:63255812-G-
A, RAB8B intron), rs191595756 (chr12:126719941-A-G, 
LINC02824 exon and LINC00944 intron), rs113104790 
(chr16:74142466-C-T, PSMD7-DT intron), and 
rs5879963 (chr6:129703003-CA-C, ARHGAP18 intron). 
Only rs191595756 can be considered a rare variant 
with the defined threshold. Its genotype distribution in 

Table 1  Clinical and demographic characteristics of young 
adults (YA) and older oral squamous cell carcinoma (OSCC) 
patients in the study cohort

YA OSCC
< 45 years old
(n = 22)
No. (%)

Older OSCC
≥ 45 years old
(n = 138)
No. (%)

Sex

  Female 3 (14) 46 (33)

  Male 19 (86) 92 (67)

Risk factorsa

  None 10 (45) 19 (14)

  Tobacco use only 12 (55) 63 (46)

  Tobacco and alcohol use 0 (0) 53 (38)

  Alcohol use only 0 (0) 3 (2)

Primary site

  Oral tongue 18 (82) 61 (44)

  Floor of mouth 0 (0) 36 (26)

  Mandibular alveolus 1 (5) 17 (12)

  Retromolar trigone 3 (14) 11 (8)

  Buccal mucosa 0 (0) 9 (7)

  Mucosal lip 0 (0) 2 (1)

  Hard palate 0 (0) 1 (1)

  Maxillary alveolus 0 (0) 1 (1)

Cancer stage

  I 3 (14) 11 (8)

  II 7 (32) 29 (21)

  III 3 (14) 31 (22)

  IVa/IVb 9 (41) 67 (49)

Genetic ancestry group

  European 22 (100) 138 (100)
a Positive tobacco use is defined as a history of smoking (current or former) with 
≥ 1 pack-year. Positive alcohol use is identified by ICD-10 diagnostic codes Z72.1 
(alcohol use) or F10.2 (alcohol dependence)
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Fig. 1  Manhattan plots of the genome-wide association study.Manhattan plots for never-smoking non-drinking (NSND) young adults (YA) oral squa-
mous cell carcinoma (OSCC) (A), All-ages NSND OSCC (B), and Any risk factor YA OSCC (C). Each dot represents a single index variant. The red line indicates 
the genome-wide significance threshold (5.0e-8). The blue line indicates the suggestive significance threshold (1.0e-5)
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significant differences. The results of this analysis are 
exploratory, as the cohort is too small to draw meaning-
ful conclusions. Larger, multicentric studies are needed 
to validate a polygenic risk score specifically predictive of 
NSND YA OSCC risk.

A total of 630 739 index variants were identified by 
clumping. The PRS for age at OSCC diagnosis was calcu-
lated. The calculation of R2 following sequential addition 
of variants with p < 1.0e-05 in the model, starting with the 
lowest p-value, allowed the identification of the thresh-
old that maximized R2. Using permutation analysis, 

no permuted test statistics exceeded the observed PRS 
association using 10,000 permutations (empirical 
p-value = 9.999e-05). The resulting PRS included the 
following 13 index variants (Table  3 and Table S5): 
rs17142701 (chr6:6936428-A-G, intergenic region, near-
est gene: RN7SL554P), rs16946701 (chr15:63255812-G-
A, RAB8B intron), rs199603591 (chr20:39687424-TTC-T, 
intergenic region, nearest gene: ENSG00000306887), 
rs80326268 (chr16:54488136-C-T, intergenic region, 
nearest gene: ENSG00000286845), rs34440545 
(chr7:49593616-CTAT-C, intergenic region, nearest 
gene: ENSG00000286995), rs79949466 (chr5:37429113-
A-G, WDR70, intron), rs116937215 (chr9:13592714-
T-A, ENSG00000226197 intron), rs74590769 
(chr6:151377741-A-G, ZBTB2 intron), rs75127284 
(chr18:34506592-A-C, DTNA intron), rs116985485 
(chr7:101536460-G-A, COL26A1 intron), rs568878631 
(chr1:67730331-C-T, GNG12 intron), rs12625513 
(chr20:62844309-G-A, TCFL5 intron), rs34497370 
(chr10:61377055-G-A, intergenic region, nearest gene: 
ENSG00000305028). From those, rs568878631 is a rare 
variant. Its genotype distribution in the OSCC cohort is 
151 homozygous reference alleles patients, 9 heterozy-
gous patients and no homozygous alternate allele patients 
(MAF = 0.028). None of the 13 index variants is reported 
in ClinVar.

The regression between age at diagnosis and PRS was 
evaluated for NSND and ESD OSCC patients separately. 
No significant difference was observed between NSND 
and ESD OSCC for the slope (p = 0.12) and intercept 

Table 2  Germline variants with p < 1e-05 identified in the 
genome-wide association study comparing never-smoking non-
drinking (NSND) and/or young adults (YA) oral squamous cell 
carcinoma (OSCC) patients with other OSCC patients
Test 
group

Germline 
varianta

OSCC cohort All of Us 
reference 
cohort high-
est MAFd

Test 
group 
MAFc

Others 
MAF

p

NSND YA 
OSCC

rs149462127 0.35 0.010 1.3e-07 0.011

NSND YA 
OSCC

rs16946701 0.30 0.0067 7.1e-07 0.20

NSND YA 
OSCC

rs191595756 0.25 0.0033 3.3e-06 0.0035

NSND YA 
OSCC

rs113104790 0.25 0.0033 3.3e-06 0.015

NSND YA 
OSCC

rs5879963b 0.55 0.10 3.9e-06 0.31

All-ages 
NSND 
OSCC

rs10495194 0 0.23 2.7e-06 0.18

All-ages 
NSND 
OSCC

rs4419048b 0.26 0.046 4.4e-06 0.29

All-ages 
NSND 
OSCC

rs60356568 0.31 0.073 4.9e-06 0.50

All-ages 
NSND 
OSCC

rs11772757 0.017 0.26 5.0e-06 0.22

All-ages 
NSND 
OSCC

rs77235807 0.33 0.08 6.2e-06 0.20

All-ages 
NSND 
OSCC

rs12450836 0.26 0.050 8.3e-06 0.40

YA OSCC rs113765368 0.18 0.0072 2.6e-06 0.11

YA OSCC rs17142701 0.16 0.0036 4.3e-06 0.058

YA OSCC rs16946701 0.16 0.0036 4.3e-06 0.20

YA OSCC rs56353403b 0.30 0.66 7.8e-06 0.63

YA OSCC rs79853253 0.27 0.043 8.6e-06 0.17
a Every suggestively significant germline variant with p < 1e-05 is shown
b Minor allele is the GRCh38 reference allele
c Minor allele frequency
d Highest reported MAF from every genetic ancestry group of the All of Us 
cohort

Table 3  Germline variants included in the polygenic score for 
age at oral squamous cell carcinoma (OSCC) diagnosis
Germline 
varianta

OSCC cohort All of Us 
reference 
cohort high-
est MAFd

MAFc R2 p

rs17142701 0.025 0.169 6.6e-08 0.058

rs16946701 0.025 0.154 3.0e-07 0.20

rs199603591 0.072 0.136 1.7e-06 0.051

rs80326268 0.041 0.133 2.1e-06 0.039

rs34440545 0.39 0.132 2.4e-06 0.48

rs79949466 0.084 0.131 2.6e-06 0.16

rs116937215 0.019 0.130 2.9e-06 0.018

rs74590769 0.038 0.125 4.7e-06 0.041

rs75127284b 0.069 0.124 4.9e-06 0.28

rs116985485 0.019 0.124 4.9e-06 0.080

rs568878631 0.028 0.124 5.1e-06 0.0076

rs12625513 0.041 0.124 5.1e-06 0.15

rs34497370 0.031 0.123 5.4e-06 0.033
a Every suggestively significant germline variant with p < 1e-05 is shown
b Minor allele is the GRCh38 reference allele
c Minor allele frequency
d Highest reported MAF from every genetic ancestry group of the All of Us 
cohort
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(p = 0.16) of the association between PRS and age at diag-
nosis (Figure S2). As the distribution of PRS was skewed, 
association between -log(-PRS-1) and age at diagnosis 
was also tested (Fig.  2A). No significant difference was 
observed between both slopes (p = 0.996) and intercepts 
(p = 0.83). The regression between age at diagnosis and 
-log(-PRS-1) was evaluated for oral tongue and other 
oral cavity squamous cell carcinoma patients (Fig.  2B). 
No significant difference was observed between both 
slopes (p = 0.96) and intercepts (p = 0.20). There was also 
no association between -log(-PRS-1) and overall survival 
(Table S6) and pathological TNM (Figure S3).

Discussion
In this single cohort study, we evaluated associations of 
germline variants with NSND YA OSCC in patients of 
European ancestry. We excluded cases of non-European 
ancestry, as linkage disequilibrium could have introduced 
false positives in our small cohort. Our results suggest 
that no single germline variant explains NSND YA OSCC 
occurrence and no variant with genome-wide signifi-
cance (p < 5.0e-08) was found.

Our main objective in this study was to identify poten-
tial rare variants associated with NSND YA OSCC which 
would have the potential to be causal factors. To define 
a variant as rare, we consider variants with a MAF < 0.01 
in every genetic ancestry group reported in the All of 
Us cohort. As our study had only 10 NSND YA OSCC 
patients, we used a suggestive significance threshold of 
p < 1.0e-05, as we were aware that we might lack the nec-
essary statistical power to identify potential rare variants 
with a more stringent genome-wide significance thresh-
old. Indeed, to attain genome-wide significance, a MAF 
of 0.5 (10/20 alleles) would be needed in the 10 patients 
NSND YA OSCC test group, for a variant with a MAF 
of 0.01 (3/300 alleles) in the control group. For a variant 
with no occurrence (0/300 alleles) in the control group, 
a MAF of 0.4 (8/20 alleles) would be necessary to attain 
genome-wide significance. This is hardly realistic and we 
chose to use a suggestive significance threshold for this 
exploratory study. We also tested the larger NSND OSCC 
and YA OSCC groups in which smaller effect sizes could 
be detected.

Only one of reported variants for NSND YA OSCC 
patients, rs191595756, has a reported MAF < 0.01 in 
every ancestry group. Interestingly, this variant is located 
in an intron of LINC00944 (Long Intergenic Non-Pro-
tein Coding RNA 944) and an exon of LINC02824 (Long 
Intergenic Non-Protein Coding RNA 2824). Multiple 
long non-coding RNAs have been shown to have onco-
genic or tumor suppressive effects in OSCC, regulating 
multiple pathways such as cell cycle, angiogenesis and 
apoptosis [36]. LINC00944 has been studied in mul-
tiple cancers [37–39]. The LINC00944 gene has been 

shown to actually encode a small 102-amino acid peptide, 
which represses transcriptional activity of MYC in vitro 
in melanoma cells [40]. The importance of MYC in head 
and neck squamous cell carcinoma is well established, 
with gene amplification occurring in approximately 12% 
of cases [41]. LINC00944 has also been shown to be 
upregulated in head and neck squamous cell carcinoma 
in comparison to normal adjacent tissues [42]. Overex-
pression of LINC00944 in the OSCC cell lines SCC-25 
and ORL-48T increased cell migration and cell invasion 
in Transwell assays [42]. LINC00944 was also associ-
ated to pro-inflammatory signaling and is upregulated in 
EBV oral cancer cell lines [42]. The importance of EBV in 
head and neck cancer is primarily associated with a large 
increase in the risk of developing nasopharyngeal carci-
noma, with EBV-associated OSCC being of rare occur-
rence [43, 44]. The association between MYC and EBV is 
well established. MYC regulates the switch between EBV 
latent and lytic stages [45], and also multiple pathways 
associated with immune evasion [46]. LINC02824 is a 
mostly unknown long non-coding RNA, being reported 
only to be positively associated with the number of regu-
latory T cells in systemic lupus erythematosus [47].

We also evaluated variants associated with all-ages 
NSND OSCC and with YA OSCC. No rare variant was 
found to be associated in both cases, even at the sugges-
tive significance threshold, despite having more cases 
than in the NSND YA group (respectively 29 and 22, 
versus only 10 for NSND YA). Interestingly, while three 
of the five variants reported for the NSND YA group 
had a highest reported MAF < 0.02, each of the eleven 
reported variants for the NSND and the YA group were 
common variants with a highest reported MAF over 
0.05.

Our genome-wide association analysis results sug-
gest that no single germline variant explains NSND YA 
OSCC occurrence and that a polygenic risk score could 
be more appropriate to evaluate NSND YA OSCC risk. 
A larger multicentric study could potentially identify 
a polygenic risk score predictive of NSND YA OSCC 
risk, as our cohort including only 10 NSND YA OSCC 
cases is not large enough for an analysis with NSND YA 
analyzed as a binary trait. However, calculating a PRS 
score for age at OSCC diagnosis as a numerical vari-
able as an exploratory analysis appeared reasonable. It 
also allowed to evaluate whether genetic susceptibility 
to YA OSCC is similar in NSND and ESD OSCC in our 
cohort.

Our PRS score for age at OSCC diagnosis was shown 
to be independent of NSND or ESD status. This result 
is consistent with previous results showing that asso-
ciation analyses considering OSCC as a whole tend to 
identify variants associated with tobacco and alcohol 
consumption [22]. Therefore, the NSND YA OSCC 
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Fig. 2  Association between age at diagnosis of oral squamous cell cancer (OSCC) and transformed polygenic risk score (PRS). Association of the age at 
OSCC diagnosis with -log(-PRS-1) for (A) never-smoker non-drinker (NSND), ever-smoker and/or drinker (ESD) and all cases, and (B) oral tongue, other 
oral cavity and all cases. No significant difference is observed between the NSND and ESD slopes and intercepts. No significant difference is observed 
between the oral tongue and other oral cavity slopes. The displayed linear regression r2 and p-value are calculated for all cases
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group should be evaluated independently, and a larger 
cohort will be needed to perform this analysis, as our 
study sample size was too small to calculate a PRS spe-
cifically for the NSND YA OSCC group. YA OSCC 
predominantly involves oral tongue cancers [9], but 
association of PRS score with age at diagnosis was com-
parable in oral tongue and other oral cavity cases.

This study has multiple limitations. It was a retro-
spective, monocentric study with data extracted from 
clinical records and not from study questionnaires. The 
cohort includes exclusively patients of European ances-
try, with the majority being French Canadians, which 
limits generalization ad could introduce subtle popu-
lation stratification in the study. Additionally, the total 
number of participants was limited for such a study, and 
no validation cohort was available for the PRS score. A 
sample size of 160 is small for PRS and threshold opti-
mization increases the risk of overfitting. HPV infection 
status was not recorded, as it had not been tested for 
most patients. Previous studies report a low prevalence 
of HPV in OSCC, particularly in YA cases, but the lack 
of HPV status data could affect the interpretation of this 
study. Multi-allelic variants and variants located on the 
X and Y chromosomes were not evaluated in this study.

Conclusions
The main objective of this study was to evaluate whether 
rare germline variants are associated with NSND YA 
OSCC cases. One rare variant, rs191595756, was sugges-
tively associated with NSND YA OSCC, but did not reach 
genome-wide significance. No variant with p < 5.0e-08 
was found. Our findings suggest that no single germline 
variant explains NSND YA OSCC occurrence. A larger 
multicentric study is needed to identify a polygenic risk 
score predictive of NSND YA OSCC risk.
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